Laparoscopy-assisted pylorus-preserving gastrectomy (LAPPG) was known to have benefits of function-preserving surgery compared to laparoscopy-assisted distal gastrectomy (LADG). However, in clinical settings, delayed gastric emptying and esophageal reflux following LAPPG can be serious issues, making surgeons reluctant to perform LAPPG. It is unclear that LAPPG had better longterm functional outcomes and quality of life compared to LADG.
INTRODUCTION
Pylorus-preserving gastrectomy (PPG) was first proposed by Maki et al [1] in 1967 to treat peptic ulcers, and its use was expanded to include middle-third early gastric cancer in 1991 [1, 2] . By preserving the pyloric ring and its functionality, PPG was expected to reduce the risk of postgastrectomy syndrome while improving quality of life (QOL). According to recent meta-analyses, the advantages of PPG include lower incidence rates of dumping syndrome, remnant gastritis, and bile reflux in addition to a better postoperative nutritional status when compared to distal gastrectomy [3, 4] . However, the incidence of delayed gastric emptying was higher with PPG.
In the 2000s, the feasibility and safety of minimally invasive approaches were widely evaluated, and the laparoscopy-assisted PPG (LAPPG) was also introduced and evaluated during this time [5] [6] [7] [8] . When compared to conventional PPG, LAPPG had several benefits of a minimally invasive approach, including less blood loss, less postoperative pain, and a faster recovery of bowel function [9] [10] [11] . Moreover, LAPPG resulted in a lower risk of postgastrectomy syndrome and better nutritional outcomes when compared to laparoscopy-assisted distal gastrectomy (LADG) [12] [13] [14] . Because of this combination of advantages of a minimally invasive approach and a functionpreserving surgery, LAPPG is considered to be an excellent option for middle-third early gastric cancer.
However, in clinical settings, instances of delayed gastric emptying and esophageal reflux following LAPPG can be serious issues, making surgeons reluctant to perform LAPPG. While postgastrectomy syndrome is transient and does not require hospitalization or medication in most cases, delayed gastric emptying increases the length of the hospital stay, and reflux symptoms requires medication, such as proton pump inhibitors. Moreover, only a few previous studies have evaluated the QOL after LAPPG, and these studies only included a small number of patients [13, 14] . Therefore, it remains unclear whether LAPPG is superior to LADG in terms of functional outcomes, including QOL. The aim of this study is to evaluate the long-term functional outcomes and QOL of LAPPG when compared to those of LADG with Billroth II anastomosis.
MATERIALS AND METHODS
This study was conducted in accordance with the principles of the Declaration of Helsinki, and was approved by the Institutional Review Board of the National Cancer Center (No. NCC 2017-0183).
Patients
From January 2012 to December 2015, 720 patients underwent LADG with Billroth II anastosmosis or LAPPG for cT1N0 gastric cancer in the National Cancer Center, Korea. Among these patients, the following were excluded in the analysis; 309 patients whose primary tumor was located less than 5 cm from the pylorus, 9 patients who had multiple gastric cancers, 92 patients who received adjuvant chemotherapy because their postoperative pathological stages were stage II or III; 13 patients who had some other history of cancer before and after the gastrectomy; and 1 patient due to follow-up loss.
Operation procedures
LAPPG was performed by four surgeons that were experienced in LADG (EBW, YHM, RKW, and KYW). Infrapyloric vessels were routinely preserved to maintain blood supply to the pyloric cuff, and the right gastric artery with lymph node station No. 5 was also preserved and dissected distally to the first branch of the right gastric artery. The hepatic and pyloric branches of the vagus nerves were preserved, while the celiac branch was generally not preserved. The extent of lymph node dissection was D1+ or more according to the treatment guidelines of the Japanese Gastric Cancer Association [15] . D1+ in the context of PPG indicates the lymph node station numbers 1, 3, 4sb, 4d, 6, 7, 8a, and 9.
After resection was completed, a short 4-to 5-cm midline incision was made, and the tumor location was checked by palpation of the proximal and distal clips. A 3-to 5-cm pyloric cuff remained after the resection of the distal portion, and the gastrogastrostomy was performed by a hand-sewn suture. In LADG, the laparoscopic procedures were performed the same as those used in LAPPG, except for the dissection of the No. 5 and 6 lymph nodes and the vagus nerve. After the procedures, a gastrojejunal anastomosis (Billroth II) was performed extracorporeally through the same incision that was used for LAPPG.
Outcome assessments
Comorbidity was evaluated using the American Society of Anesthesiologists (ASA) physical status classification system [16] . Histological types were classified according to the 2010 World Health Organization classification [17] . When a tumor consisted of components of two or more histological types, the quantitative predominance was recorded as the histological type. The pathological stage was categorized according to the 8 th American Joint Committee on Tumor-Node-Metastasis classification system [18] . Postoperative symptom complications were evaluated using the Clavien-Dindo classification system within 1 month after surgery [19] .
After surgery, the patients visited the outpatient clinic every 6 mo. Body weight, serum hemoglobin, protein, and albumin were checked during this visit and analyzed as nutritional outcomes. Patients with anemia were provided with iron supplementation at the outpatient clinic depending on patient symptoms, hemoglobin levels, and the discretion of the physician. In general, oral iron was administered by 80 mg of ferrous sulfate once or twice per day for a period of 3 or 6 mo. Intravenous iron was typically administered as a single dose of ferric carboxymaltose (500 mg). An esophagogastroduodenoscopy was performed annually, and the patient was evaluated for the presence of bile reflux and the grade of residual food according to the following criteria; no food residue, liquid only, soft diet residue, and nearly normal diet residue.
Postoperative QOL was estimated using the European Organization for Research and Treatment of Cancer (EORTC) QOL Questionnaire (QLQ) -C30 and the gastric cancer-specific module, STO22 [20] . The EORTC QLQ-C30 is composed of a global health status/QOL scale, 5 functional scales and 9 symptom scales. The EORTC QLQ-STO22 is composed of 9 symptom scales. Each scale is represented by a score ranging from 0 to 100. A higher score indicates a better QOL as defined by the global health status and functional scales of the EORTC QLQ-C30, while a higher score indicates a poorer QOL on the symptom scale of the EORTC QLQ-C30 and STO22 [21] .
The QOL survey was performed between October 2016 and December 2018 for patients who underwent surgeries at least 2 years prior and visited the outpatient clinic. The period between surgery and the day that the questionnaire was administered varied, ranging from 2 to 5 years postoperatively.
Statistical analysis
The continuous variables are shown as the means ± standard deviations or the medians with interquartile ranges, and the categorical variables are presented as proportions. Differences between these groups were tested using a t-test or the Wilcoxon rank-sum test for continuous variables and the chi -square test or Fisher's exact test for categorical variables. A mixed effect model was performed to analyze changes of the nutritional outcomes between the two groups. In the QOL analysis, each subscale or item is presented as the median and the interquartile range. The distribution of QOL scores did not follow a normal distribution. Therefore, nonparametric statistics (i.e., the Willcoxon rank-sum test) were used to evaluate their statistical significance. Data analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, United States). P values less than 0.05 were considered significant.
RESULTS

Clinicopathological characteristics and hospital course
Among the 720 patients, 195 patients with LADG and 101 patients with LAPPG were ultimately included in this study ( Supplementary Figures 1 ) . There were no significant differences in baseline demographics, including age, sex, body mass index, and ASA classification ( Table 1 ). The pathological results showed that the distal margin was shorter, and there were less harvested lymph nodes in the LAPPG group when compared to the LADG groups (P < 0.001 and P = 0.046, respectively). The operative time was longer in the LAPPG group (median, 150 min vs 210 min, P < 0.001), while the estimated blood loss and the length of hospital stay were not significantly different between the two groups.
Postoperative complications
The incidence of overall early complications was not significantly different between the LADG and LAPPG groups ( Table 2 ). There were also no significant differences in any of the severity grades of the Clavien-Dindo classification. However, the incidence of delayed gastric emptying was higher in the LAPPG group (P = 0.001). Four patients with grade III delayed gastric emptying were treated with endoscopic Botox injections, after which they improved [22] . Figure 1 shows the comparison of long-term nutritional outcomes between the LADG and LAPPG groups. In the LAPPG group, hemoglobin levels gradually increased and had almost recovered by postoperative year 5. However, decreased hemoglobin levels persisted in the LADG group. Hemoglobin levels were significantly higher in the LAPPG group than in the LADG group (P < 0.001). Iron supplementation in the outpatient clinic was also evaluated; the proportions of patients who were administered any iron supplement were similar between the two groups (22.1% vs 19.8%, P = 0.765) (Table S1 ).
Nutritional outcomes
Serum protein decreased after surgery but increased after 1-2 years postoperatively in both groups. Serum albumin continuously decreased after surgery. There were no significant differences in the changes of serum protein and albumin level between the two groups (P = 0.083 and 0.304, respectively). After surgery, a loss of body weight of approximately 5-6 kg was observed in both groups, and the decreased body weight persisted in the follow-up period. There were no significant differences in the changes in body weight between the two groups (P = 0.092). Figure 2 shows the proportions of the presence of bile reflux and residual food. After surgery, bile reflux was observed in 30%-60% of the LADG group, and in less than 10% of the LAPPG group (P < 0.001 at every time point). In the LAPPG group, 65% of patients had a nearly normal diet residue at 1 year postoperatively, and the proportion decreased slightly to 45% at 5 years postoperatively. In contrast, less than 10% of the LADG group had a nearly normal diet residue postoperatively. The proportions of residual food were significantly different between the two groups at every time point (P < 0.001).
Endoscopic findings
Outcomes of QOL
A total of 108 (55.3%) and 61 (60.4%) patients in the LADG and LAPPG groups answered the QOL questionnaire, respectively, and the time points for the responses to the QOL questionnaire ranged from 2 years to 5 years (Table S2 ). For the EORTC QLQ-C30, the LAPPG group had better physical function when compared to the LADG group (86.7 vs 90.0, P = 0.032) ( Table 3 ). For the EORTC QLQ-STO22, the pain and reflux score were significantly higher in the LAPPG group than in the LADG group (8.3 vs 16.7 in pain, 11.1 (interquartile range, 0, 22.2) vs 11.1 (interquartile range, 11.1, 33.3) in reflux, P = 0.034 and 0.001, respectively). Other functional and symptom scales/items did not show any differences.
DISCUSSION
In this study, we evaluated the long-term functional outcomes and the QOL of patients who underwent LAPPG for early gastric cancers that were located in the middle third of the stomach. When compared to the LADG group, the LAPPG group had the advantage of long-term hemoglobin recovery and physical function. However, the LAPPG group also experienced delayed gastric emptying at a higher frequency and a higher reflux and pain scores on the EORTC QLQ-STO22 questionnaire.
To date, only a few studies have evaluated the functional outcomes following LAPPG [12] [13] [14] 23] . One of these reports utilized a single-arm study design that could not determine the functional superiority of LAPPG to LADG [23] . The other study demonstrated the nutritional advantages of LAPPG when compared to LADG, but only short-term outcomes (within 1 postoperative year) were described [12] . Two studies reported QOL outcomes but encountered issues with either very small numbers of participants employing questionnaires that were not validated in other ethnic populations [13, 14] . Therefore, further studies that would evaluate long-term functional results including QOL are required. In the present study, (1) A moderate number of patients (approximately 300) were included; (2) All patients were followed-up on for more than 3 year after surgery; (3) Both functional and QOL outcomes were reported; and (4) QOL was assessed using a validated questionnaire (the EORTC QLQ C-30 and the STO-22). Based on these points, this study aims to provide a more comprehensive and reliable understanding of patients who undergo LAPPG.
In this study, hemoglobin recovery was better in the LAPPG group than in the LADG group. Iron is mainly absorbed in the duodenum, and gastric acidity promotes the intestinal absorption of nonheme iron. After LAPPG, food passes through the duodenum and gastric acid secretion is less decreased due to postoperatively enhanced G cell function along with a smaller decrease in gastrin levels [24, 25] . In contrast, there were considerable reductions in the secretion of gastrin and acid, and the absorption of dietary iron is limited when food bypasses the duodenum after LADG with Billroth II anastomosis. For these reasons, there is a greater potential for improvements in postoperative anemia after LAPPG when compared to LADG with Billroth II anastomosis [26] . In our study, physical and role functions were significantly or marginally worse in the LADG group (P = 0.032, 0.07), and the lower functional scores might be associated with the lower hemoglobin levels.
Regarding endoscopic findings, less than 10% of the patients experienced bile reflux, and more than half of the patients experienced food residue after LAPPG. The low proportion of bile reflux and the high proportion of food residue after LAPPG that were shown in this study were also observed in a previous study that reported proportions of approximately 1% bile reflux and 48% residual food, as shown by endoscopic evaluations performed 12 months after LAPPG [27] .
The QOL results showed that abdominal pain and reflux symptom scores were significantly higher in the LAPPG than in the LADG group, which might be related to gastric stasis. Patients with a high degree of residual food are more likely to experience gastric fullness and reflux. The pain scores of the EORTC QLQ STO-22 indicate high levels of discomfort when eating, severe pain in the stomach area, and a bloated feeling in the abdomen (Q34-37), and all of these symptoms could result from gastric stasis.
The QOL data were collected from patients who visited the outpatient clinic no earlier than October 2016, and the time points for answering the questionnaire varied between patients. To reduce this time point variability, we excluded the QOL data of patients who underwent surgery within 2 years because the early portion of the QOL data displayed a wide range of fluctuation. The long-term QOL data (two years or more after the operation) are expected to be stable for patients and show little differences between time points. Thus, comparing the QOL data between the LAPPG and LADG groups might be clinically acceptable despite of the variation in time.
Another limitation of this study is that we could not collect all patients' QOL data, which can result in selection bias. This study was retrospectively performed, and complete QOL data collection was impossible due to the limited number of interviewers and interview time. Therefore, future studies with complete QOL datasets are required to reach more reliable conclusions.
In conclusion, LAPPG was beneficial to the recovery of postoperative anemia and bile reflux, however, it might be unfavorable in terms of long-term pain and reflux symptoms compared to LADG with Billroth II anastomosis. When a physician informs all possible advantages and disadvantages to a patient, and the patient wants to undergo LAPPG, LAPPG could be a treatment option for middle third early gastric cancer. 
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